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EXECUTIVE SUMMARY 

The overall objective of this project was to determine the best HVAC (heating, 
ventilating and air conditioning) subsystem to interface with the Engelhard 
£uel cell system for application in commercial buildings. To accomplish this 
objective, the effects of several system and site specific parameters on the 
economic feasibility of fuel cell/HVAC systems were investigated. 

An energy flow diagram of a fuel cell/HVAC system is shown in Figure 1. The 
fuel cell system provides electricity for an electric water chiller and for 
domestic electric needs. Supplemental electricity is purchased from the 
utility if needed. An excess of electricity generated by the fuel cell system 
can be sold to the utility. 

The fuel cell system also provides thermal energy which can be used for 
absorption cooling, space heating and domestic hot water. Thermal storage can 
be Incorporated into the system. Thermal energy is also provided by an 
auxiliary boiler if needed to supplement the fuel cell system output. 

Fuel cell/HVAC systems were analyzed with the TRACE computer program. TRACE 
is an energy and economic analysis program that has been developed by The 
Trane Company. Additions and modifications were made to TRACE in order to 
simulate fuel cell/HVAC systems. 

Actual cogeneration electric rate structures for six different cities were 
used In the analysis. Future electricity prices were determined by applying 
escalation rates from Trane Company projections. Natural gas prices are also 


FIG. 1 


FUEL CELL/HVAC SYSTEM 
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from Trane Company projections. All of the results in this report are for 
natural gas powered fuel cell systems. 

The most important parameter affecting the economic feasibility of fuel 
cell/HVAC systems was found to be the installed cost of the fuel cell system. 
By varying the installed coat parametrically, a "break-even" cost was 
determined. The break-even cost was defined as that which yields a 15% 
internal rate of return to the building owner. The break-even cost was found 
to be a strong function of the electric rate structure. For the best 
building, the break-even cost was about $650/KW with the lowest electricity 
prices, and about $2000/KW with the highest electricity prices. The building 
owner can afford a higher priced fuel cell when more expensive electricity is 
displaced. 

The current Engelhard estimate of installed fuel cell system cost, inflated 
for 1985 installation is $980/KW. By comparing this value to the break-even 
costs, it is concluded that fuel cell/HVAC systems can be economic in regions 
with medium to high electric rates. For application throughout the U.S. 
however, the installed fuel cell system cost must be reduced below $650/KW. 

Three types of water chillers were investigated for application in fuel 
cell/HVAC systems: electric chillers, absorption chillers, and a combination 

of electric and absorption. Electric chillers are more efficient than 
absorption chillers and can be powered by the electric output of the fuel cell 
system. Absorption chillers are less efficient but can be powered by the 
thermal output of the fuel cell system. 
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The combination of electric and absorption chillers was found to be the best. 
The absorption chiller should be sized to match the thermal output of the fuel 
cell system. When the absorption chiller cannot meet the cooling load, the 
electric chiller is brought on-stream. Systems with only absorption chiLiers 
are less economical. When thermal energy from the fuel ceil system is 
insufficient to power the absorption chiller at high cooling loads, natural 
gas must be burned in the auxiliary boiler to power the low efficiency 
absorption chiller. This results in a less economical system. 

Applications of fuel cell/HVAC systems were investigated for four building 
types: a hospital, an apartment building, a retail store and an office 

building. These buildings represent a wide range of thermal to electric load 
ratios. The best buildings were found to be the hospital and the apartment 
building. These buildings have relatively high thermal loads. Applications 
in the retail store and office building were considerably less favorable. It 
was concluded that buildings with thermal to electric load ratios near unity 
are the best applications for fuel cell/HVAC systems. Buildings with load 
ratios much greater than unity require a larger investment for a larger fuel 
cell system and more electricity is Bold back to the utility at unfavorable 
rates. In buildings with small load ratios, the thermal output of the fuel 
cell system is not effectively utilized. 

The optimum fuel cell system capacity was found to be a function of the 
building’s thermal to electric load ratio. For load ratios near unity (the 
best buildings) the optimum capacity is about 80% of the average electrLc 
load. At larger capacities, the fuel cell system thermal output is not 
effectively utilized, and a considerable amount of electric energy is sold 


back to the utility at unfavorable rates. A fuel cell system that provides 
all of a building's electric load was definitely not economic. 

The effect of location on economic feasibility was determined by analyzing the 
best building in six different locations. The effect of location was found to 
be primarily due to changes in electric rate structures. Locations with high 
electric rates yield the highest Internal rates of return because higher 
priced electricity i9 displaced by the fuel cell system, Weather has a 
secondary effect because the HVAC loads of commercial buildings are generally 
dominated by the internal loads. 

The optimum operating mode for the fuel cell system was to operate 

continuously at rated capacity. Excess electricity can be sold back to the 

utility. If the fuel cell system electric output is varied in response to the 
electric load, the thermal output also varies. The fuel cell system then 
satisfies a smaller fraction of the daily thermal load and more natural gas is 
consumed for auxiliary heating. 

The installed cost of the recommended HVAC subsystem for the hospital was 
estimated by Affiliated Engineers, Inc. The incremental installed cost over a 
conventional system was $358/KW to interface with a 460 KW fuel cell system. 

The total incremental installed cost, including $980/KW for the fuel cell 

system, is then $1338/KW. Using the highest electric rates, the calculated 
internal rate of return was 33%. 

The results of this study show that fuel cell/HVAC systems can be economic in 
some building types in certain locatLonB. The f-jr most important 


X. 


requirements for economic feasibility ares 

- applications in build logs with high therroal-to-clectrlc load ratios, 

- applications in localities with medium to high electric rates, 

- achievement of fuel cell cost „oal8, and 

- the continued existence of PURPA. 

Deviations from these requirements can cause a considerable reduction in the 
Internal rate of return. PURPA is necessary to guarantee that supplemental 
electricity can be purchased at a reasonable rate. The sell-back provisions 
of PURPA are not crucial since the optimally sized fuel cell will generate 
small quantities of excess electricity. 
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1 • INTRODUCTION and object i ves 

The* overall objective of this project was to determine the bent HVAC 
subsystem design to Interface with the Engelhard fuel cell system. The 
fuel cell system was defined, for the purpose of this project, as n system 
which Includes the fuel cell stacks, reformer, Inverter, and related 
controls. 


The work was divided Into three tasks. 


TASK 1 - PRELIMINARY SYSTEM DESIGN 

Objective: To complete a preliminary assessment of fuel cell/ 

HVAC systems and to Identify the most Important 
design parameters. 

Report: "Fuel Cell/HVAC Interface, Task l Report", 

presented to Engelhard on June 8, 1982. 


TASK II - DESIGN STUDIES 

Objective: To extend and refine the analyses of the important 

issues that were identified during Task I. 


Report: "Heat Recovery Subsystem and Overall System 

Integration of Fuel Cell On-Site Integrated 
Energy Systems, Task II Report", presented to 
Engelhard on March 9, 1983. 

Task II results are included in this Final Report. 


TASK III - IMPROVED SYSTEM DESIGN 


Objective: Using the reaultB of Tasks l and II, to design 

the best HVAC subsystem and to determine its 
performance and installed cost. 


Report: Task III results are included 


in this Final Report. 


METHODS AND BASIS OF ANALYSIS 


A. Systems Analyzed 

A schematic diagram of a fuel cell/HVAC system is illustrated in Fig. 
2. The fuel cell system provides electricity to the HVAC system and 
for domestic needs. Excess electricity is Bold to the utility. 
Electricity is purchased from the utility if needed to augment the 
fuel cell system output. The fuel cell system also provides thermal 
energy for domestic hot water heating, space heating and absorption 
cooling. Thermal energy is provided by a conventional boiler if 
needed to augment the fuel cell system output. Three primary system 
variables were investigated: the type of chillers, either electric 

or absorption; the capacity of the fuel cell; and the capacity of the 
hot and/or cold thermal storage units. 

Although Fig. 2 shows a combination of an electric chiller and 
absorption chiller, systems with only electric or only absorption 
chillers were analyzed. Both two-stage and single stage absorption 
chllers were considered. The thermal storage capacity was varied 
from zero up to the capacity at which no further benefit was 
realized. In most systems, the fuel cell system operates 
continuously at rated capacity. No allowance was made for down-time, 
either scheduled or unscheduled. All of the results in this report 
are for natural gas as the fuel for the fuel cell system. 

B. Basis and Assumptions 

Building descriptions . Four building types were analyzed: a 
hospital, an apartment building, a retail store and an office 
building. These are hypothetical buildings with characteristics 
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consistent with current building practice. The annual ermrgy 
consumption of these buildings with conventional equipment (no fuel 
cell) is given in Table A for the Washington, D.C. climate. Note that 
the ratio of the electric to thermal loads varies considerably for the 
four buildings. 


Table A 

Building Descriptions 


Building 

Floor Area 
(m z ) 

Annual Energy Usage 
Electric Nat. Gas 

(10& KWH) "(TO 6 KWH) 

Hospital 

18,300 

4.93 

5.80 

Apartment 

7,580 

1.07 

1.98 

Office 

6,210 

1.40 

0.11 

Retail Store 

10,420 

1.79 

0.52 


Economic Parameters . The estimated costs and the economic parameters 
used in the analysis are given in Table B. The estimated costs are 
for 1985 installation. 1985 costs were obtained by inflating 1982 
costs by 7% per year. 


Table B 

Economic Parameters 


Installed Costs (1985) 
Fuel Cell System 
Piping, controls 
Boiler 

Storage-hot water 


$980/KW fuel 
5110/KW fuel 
$33/KW boiler 
$9. 60/KWH 


cell capacity 
cell capacity 
input 


Storage-ice water 


$20. 90/KWH 
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Table B (Cont'd) 
* 

Annual Costs 


Property tax rate 

1.0% 

Insurance 

0.5% 

Maintenance 

1.0% 

Annual costs inflated at 

7.0% 

Platinum charge 

§27 /KW 

Economic Variables 

Income tax rate 

48% 

Investment tax credit 

20% 

Fuel cell weighted avg. life 

10 years 

Salvage value 

12.5% 

Discount rate 

15% 


Energy prices . Current electricity prices were based on the 
cogeneration rate schedules furnished by Engelhard and Arthur D. 
Little. These schedules are shown in the Appendix. Future electric 
prices were determined by applying the Trane electric price 
projections to these schedules. 

Current and future natural gas prices were based on Trane Company 
projections. Table C summarizes the energy prices used in the TRACK 
analysis. The escalation rates include the effect of general 
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inflation 
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Table C 
Energy Prices 



1985 Price 

Escalation Rate 


1985-1990 

Beyond 1990 

Electricity 

(See Appendix) 

10% 

7% 

Nat. Gas 

$8.20/10 6 BTU 

12% 

9% 


Fuel Cell System Efficiency . For all system simulations, the fuel cell 

system efficiency was assumed constant at the following values: 

Electric 40% 

Useful thermal 40% 


C. Economic Criteria 

Three economic criteria were used as a measure of the economic 
feasibility of fuel cell systems: the simple pay-back, period (SPB), 

the after-tax internal rate of return (IRR), and the net present value 
of the incremental cash flows (NPV). 

The SPB is based on the incremental first cost and the firBt year 
utility cost savings. No future costs or savings are considered. The 
SPB is defined as 

SPB - C 0 /(E c - E f ) 

where 

C Q “ the incremental firBt cost 

E c * the first year utility cost 
of the conventional system 

Eg =* the first year utility cost 
of the fuel cell system 


The IRR is determined iteratively. The IRR is equal to x when the 
following equality holds. 

20 

2. CFi/d+x) 1 - C 0 
i'«l 

where 

( 1+x ) ^ * the discount factor 

CF^ - the incremental cash flow for the 

ith y ear 

Included in CF^ are energy costs, taxes, insurance, maintenance, 
platinum charge, replacement costs, salvage value, depreciation 
effects and tax credits. A 20 year period of economic analysis has 
been assumed. 

The NPV is based on a discount rate of 15%. The NPV is defined as 

20 

Npv - CFi/d.15) 1 - C 0 

i-1 

The TRACE Program 

TRACE is an energy and economic analysis program that has been 
developed by The Trane Company., It is used extensively to compare 
various HVAC equipment and system alternatives in buildings. TRACE 
can be used to compute building loads, equipment loads, system 
capacities, energy usage, utility costs and various economic 


parameters. 
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Computer code was written to allow TRACE to analyze fuel cell 
cogeneration systems. The fuel cell system is treated as a "black box" with 
specified electric and thermal efficiencies. The fuel cell system's electric 
and thermal outputs are interfaced with the building's HVAC equipment. 

TRACE computes building and equipment loads for four day types each 
month. The four day types are Sunday, Monday, a weekday and Saturday. 

The four day model is needed for buildings in which the occupancy is a 
function of the type of day, such as retail stores and office 
buildings. Monday is distinguished from other weekdays because of the 
unique start-up loads after a weekend shutdown or set-back. The 
four-day model also allowB off-peak electric rates to be used 
throughout the weekend, typical of many electric rate structures. 

TRACE adjusts the COP of the cooling equipment to reflect part load 
operation and changing ambient conditions. Also, the energy 
consumption is computed for all of the accessories for each piece of 
HVAC equipment. For example, if an electric chiller is specified, 

TRACE computes the energy consumption of the chilled water pumps, 
condenser water pumps, cooling tower fan, the controls and the chiller 
oil pump. The energy consumption of these items can be a significant 
fraction of the total energy usage. 
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III. RESULTS AND DISCUSSION 

A. Effect of Fuel Cell System Cost 

One of the most critical parameters was found to be the installed 
cost of the fuel cell system. The Engelhard estimate is an 
installed coat of S800/KW in 1982, which was inflated to $980/KW for 
1985 installation. The effect of fuel cell system cost was 
determined by simulating identical systems but with arbitrary 
increases in fuel cell system cost. The results are shown in Fig. 3 
and in Table D. Results are shown for the four buildings and for 
two electric rate structures. Consolidated Edison has the highest 
electric prices used in this study, while Commonwealth Edison has 
the lowest. Incremental costs of the interface piping, heat 
exchangers, thermal storage and controls were also taken into 
account. 

The results of Fig. 3 and Table D show that the NPV and IRR both 
decrease substantially as the fuel cell system cost increases. It 
is also seen that the electric rate structure has a strong effect on 
the economics of fuel cell systems. This subject is treated in more 
detail in a subsequent section of this report. 

The results of Fig. 3 can be used to determine a "break-even" fuel 
cell system cost. The break-even cost is defined as the fuel ceLL 
system cost that yields a 15% IRR, or a NPV of zero. An IRR of 13% 
represents an approximate break-even cost to the building owner 
relative to alternative investments or to the cost of capital. Of 

course, the building owner will need an IRR greater than 15% in 
order to justify the purchase of a fuel cell system. 
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0.0 


12 . 


Table E shows the estimated break-even fuel cell system costs. Again, thu 
strong effect of electric rate structure is apparent. Comparison of 
the breakeven costs to the Engelhard estimate of $980/KW loads to thu 
conclusion that fuel cell systems will be too expensive in regions 
with low electric rates. However, fuel cell systems can be 
economically attractive in regions with high electrLc rates. In 
order for fuel cell systems to be attractive throughout the U.S. , the 
fuel cell system installed cost would have to be less than $600/KW. 

Table E 

Break-Even Installed Fuel Cell System Cost 
($/KW) in 1985 (15% IRR) 


Building 

Comm. Ed. 

Con. Ed 

Hospital 

630 

2550 

Apartment 

680 

1810 

Retail Store 

600 

1780 

Office 


910 


B. Effect of Chiller Type 

Three alternatives were investigated: electric chillers, absorption 

chillers, and a combination of electric and absorption chillers. The 
results for the hospital are shown in Fig. 4. Also shown on Fig. 4 
are the effects of fuel cell capacity and thermal storage, whicli are 
discussed In the next two sections of this report. 

Fig. 4 shows that the systems that contain both electric and two- 
stage absorption chillers yield the highest NPV. The NPV is only 


NPV , *000 IRK > r CT 
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slightly lower for the systems containing only electric chillerB. 

But systems containing only absorption chillers are clearly loss 
economic than the other systems. 

There are two reasons why "absorption only" systems are less 
economic. The first is that absorption chillers are ^;re expensive 
than electric chillers. The second reason is that absorption 
chillers are much less efficient than electric chillers. Thu 
consequence of the low efficiency can be seen by first considering a 
small capacity fuel cell. Since the absorption unit increases the 
thermal load beyond the fuel cell thermal capacity, the gas-fired 
boiler must supply heat to the absorption unit for a considerable 
number of cooling hours. The low efficiency causes large quantities 
of gas to be consumed, which increases the utility costs. To 
minimize the usage of the auxiliary boiler, the fuel cell capacity 
can be increased. This improves the economics slightly, as shown on 
Fig. 4. However, the large fuel cell capacity, coupled with the 
lower electric load with absorption cooling, causes more electricity 
to be sold back to the utility at unfavorable rates. The additional 
first coat of the fuel cell cannot be justified on the basis of 
sell-back electricity. All of these factors taken together result in 
"absorption only" systems being less economic than the other 
systems. 

Figures 5-7 are similar to Fig. 4, but show results for the other 
three buildings. The combination absorption and electric chiller is 
not shown for these three buildings because performance and cost data 
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were not available for low capacity absorption units. Figures 5-7 
show again that systems containing only absorption units are leas 
economic than systems containing electric chillers. The other 
features of Figs. 5-7 are discussed in the next two sections. 

C . Effect of Hot-Side Thermal Storage 

Figures 4-7 show the effect of thermal storage on the economics of 
fuel cell systems in the four buildings. Systems with thermal 
storage are identified by the letter "H". Thermal storage by hot 
water at a temperature below 212°F was considered. Storage at a 
temperature high enough for two-stage absorption (350-400°F) was 
judged to be uneconomic. Hot water at 160-210°F is adequate for 
space and domestic hot water heating. 

Thermal storage was found to improve the economics of fuel cell 
systems in all four buildings. The largest effect was found for the 
retail store where most of the thermal load is for daytime domestic 
hot water. The smallest effect w«s for the office building where 
thermal loads are relatively small. 

D. Effect of Fuel Cell SyBtem Capacity 

Referring again to Figs. 4-7, it is seen that the optimum fuel cell 
system capacity depends on the type of HVAC system as well as the 
building type. Systems that Include only absorption chillers 
optimize at larger fuel cell system capacities than systems with 
electric chillers. Buildings with higher thermal toads relative to 

electric loads optimize at relatively larger fuel cell system 
capacities. 
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An attempt was made to generalize the optimum fuel cell system 
capacity data from Figs. 4-7 . It was found that the roost significant 
factor affecting t3ie optimum fuel cell capacity was the building load 
ratio — the ratio of the average thermal load to the average 
electric load. Fig. 8 shows the optimum fuel cell capacity plotted 
vs. the building load ratio. Optimum fuel cell capacity is defined 
as the fuel cell capacity that maximizes the NPV. Fig. 8 includes 
data for four system types in the hospital from Fig, 4, and data for 
one system type in four different buildings from Figs. 4-7. All of 
the data can be fairly well represented by a single curve. 

At high building load ratios, larger fuel cell systems can be 
installed because the fuel cell thermal output can be effectively 
utilized. Systems with absorption chillers increase the building 
load ratio, so that the optimum fuel cell system capacity is larger 
than for systems with electric chillers. For a given system type, 
buildings with large load ratios optimize at larger fuel cell system 
capacities (relative to the average electric load) than buildings 
with smaller load ratios. The significance of Fig, 8 is that one can 
predict the optimum fuel cell system capacity of any building if the 
building load ratio can be predicted. However, Fig. 8 only applies 
to regions with electric rates comparable to those of Consolidated 
Edison. Lower electric rates will cause the curve to shift downward. 
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Effect of Building Type 

Table F is a comparison of the four building types. The comparison 
is based on the same system, electric rate structure und weather for 
each building. 

The second column shows that the building load ratio varies 
considerably for the four buildings. The tabulated values of IRR 
and NPV correspond to the optimum fuel cell system capacity for each 
building. 


Table F 



Effect 

of Building Type 



FC/CTV/H System 
Wash, D.C.; Con. Ed 
$980/KW Fuel Cell 

. Rates 
Installed 

Cost 

Building 

Load Ratio 

Max IRR 

Max NPV 

Ratio NPV 
Avg. Elec 


(therm. /elec.) 

(pet) 

($) 

($7kw) 

Hospital 

.92 

36.2 

578,000 

1000 

Apartment 

1.38 

32.5 

118,000 

900 

Retail 

.23 

32.7 

81,000 

390 

Office 

-06 

12.8 

10,000 

60 


} 
* 
• <S 

'£ 

.{ 
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Based on IRR, the hospital ranks highest, with the apartment 
building and retail store close behind. The office building is 
clearly the worst application of the four buildings. 


A direct comparison of the NPV of the four buildings is not 

\ 

meaningful because the buildingB vary considerably in size. In ordur 
to make a meaningful comparison, the NI’V numbers were normalized by 
dividing by the optimum fuel cell capacities for each building. 

The NPV ratio in the last column shows more variation between 
buildings than the IRK. Although the retail store yields a value of 
IRR nearly as high as the hospital, the NPV ratio is considerably 
lower. The reason is that the optimum fuel cel) system capacity for the 
store is much smaller, relative to the average electric load, than Lt 
is for the hospital. The fuel cell system then has a much smaller 
impact on the building owner's owning and operating expense. 

The NPV ratios can be interpreted as a measure of the impact on the 
building owner's owning and operating cost. For both maximum Impact 
and maximum IRR, it is concluded that the building load ratio should 
be near unity. 

The above information, along with the optimum fuel cell system capacity da 
given previously, could be used ns input to n market study. 

Knowledge of the number of buildings and the building loads would 
allow a market study to be made. However, a market study Is beyond 
the scope of this project. 
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F . Effect of Locatio n 

Table G compares the same fuel cell system In the Baiae building in 
six different locations. The second and third columns Bhow the 
results using the actual electric rate structure and weather for 
each city. These results show a strong effect of location. 

The fourth and fifth columns show the results when the same weather 
data is used for all cities. Only the electric rate structure 
changes. This data shows that the primary factor is the electric 
rate structure rather than the weather. 

Some effect due to weather can be seen by comparing the results In 
the second and third columns to those in the fourth and fifth 
columns. The northern cities (New York, Boston, Newark, Chicago) 
show less favorable economics when Washington, D.C. weather is used 
due to the lower thermal loads. The southern citieB (Atlanta, Los 
Angeles) show more favorable economics with Washington D.C. weather. 
However, these effects are small when compared to the effects due to 
electric rate structure. It is concluded that the effect of 
location on fuel cell system econmics is primarily due to the 
electric rate structure. 

G. Effect of Taxes 

Hospital Income can be either taxable or non-taxable. Table H shows 
that the effect of taxes Is to lower the IRR. The primary reason Is 
that utility costs are tax deductible expenses for the privately 


Table G 

Effect of Location 


Elec. Rate Actual City Washington D.G. 

Structure Weather Weather 


NPV 




($000) 

CON. ED. 

(NYC) 

609 

GEO. PWR 

(ATL) 

521 

BOS. ED. 

(BOS) 

516 

N.J.P.S. 

(NEWK) 

330 

COM. ED. 

(CHIC) 

-32 

S. CAL. 

ED. (L.A. ) 

-120 


IRR 

(*) 

NPV 

($000) 

IRF 

(%') 

37.6 

560 

36.4 

35.3 

612 

37.8 

34.8 

431 

32.3 

28.8 

278 

27.1 

13.1 

-130 

5.3 

4.9 

109 

20.4 


Hospital, 400 KW Fuel Cell System 
$980/KW installed cost in 1985 


owned hospital. The utility cost savings achieved by the fuel cell system 
are, in effect, reduced by the tax rate. For typical tax rates, the 
savings are reduced by nearly one-half. 

Some tax effects favor the fuel cell system: n 20% investment tax credit 
depreciation; and tax deductible expenses such as insurance, 
maintenance and mortgage interest. However, tax deductible utility 
costs remain the dominant factor. The net effect is a reduction in 
IRR due to tax effects. 

All economic comparisons in this report, other than Table H, assume 
that the building owner's income is taxable. In this way, all 
comparisons are made on on equal basis. 

Table H 

Effect of Taxes 


Building 

Ownership 

Tax Rato. 

NPV 

IRR 

Hospital 

Tax-exempt 

0 

$1 ,076,000 

47.7% 

Hospital 

Private 

48% 

$ 495,900 

35.2% 

Washington, 

D.C. , weather, 

Con. Ed. 

electric rates. 



400 KW Fuel Cell, $980/KW in 1985. 





H. Eff ect of Fuel Cell System Opera t (_n J ^ M_odo_ 

In all of the cases discussed In prior sections of this report, the 
fuel cell system operates continuously at rated capacity. When the fuel 
cell electric output exceeds the electric load, electricity Ls sold 
back to the utility. Since suli-back rates are conaiderably lower 
than purchase rates, the effect of allowing the fuel cell to track 
the electric loud was investigated. No savings due to electric 
sell-back would be realized, but less natural gas would be needed to 
operate the fuel cell. 

The effect of a load-tracking fuel cell was determined for the 
hospital and the apartment building. It was assumed that the fuel 
cell ratio of electric to thermal output remained constant as the 
fueL cell electric output varied, and that the fuel cell efficiency 
remained constant. The results are shown In Table 1. The economics 
of the load tracking fuel cell are compared to those for the fuel 
coll operating continuously ut rated capacity. For both buildings, 
the load trucking fuel cell caused a decrease in the IRR. The reason 
Is that the load tracking fuel cell satisfies a smaller fraction ol 
the thermal loud. More natural gas is required for auxiliary 
apace heating and domestic hot water. The additional gas cost and 
the loss of the sell-back electricity exceeded the gas cost savings 
from reducing the fuel cell output. 

It is seen from Table I that the load tracking fuel cell causes a 
greater reduction In IRR for the apartment building than for the 


Table I 



Effect of Electric Load Tracking Fuel 

Cell Sys 

tem 

Building 

Mode 

F.C. Rated 
Capacity 
(KW) 

IRR 

m 

NPV 

($000) 

Hospital 

Continuous at rated 

440 

35.0 

655 


Continuous at rated 

520 

33.4 

645 


Load tracking 

520 

31.6 

552 

Apartment 

Continuous at rated 

110 

31.8 

114 


Continuous at rated 

135 

29.5 

114 


Load tracking 

135 

18.7 

16 

FC/CTV/ABS2/H System 




Washington, 

D.C. Weather; Con. Ed. 

rates 



S980/KW Fuel 

Cell installed in 1985 
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hospital. The reason is that the apartment building has a higher 
thermal-to-electrlc load ratio than the hospital, (1.38 vs. 0.92). 
Therefore, the reduced thermal output, as the fuel cell tracks the 
electric load, has a larger detrimental effect on the apartment 
building. 

I. Fuel Cell Heat Output Temperature 

All of the previous analyses assumed that all of the fuel cell 
thermal output was at a high temperature - approximately 350F, 
Subsequent information from Engelhard indicated that 89% of the 
thermal output would be at 350F and the remainder at about 200F. An 
analysis was then made of the effect of temperature level on the 
economics of fuel cell/HVAC systems. 

The high temperature thermal output is only needed for input to 
absorption chillers. The space heating and DHW loads can be 
satisfied by 200°F thermal energy. The effect of temperature level 
could then be analyzed by varying the installed capacity of the 
absorption chillers. 

The results of the analysis are chown on Table J. The four entries 
correspond to varying percentages of heat at 350F: 

a) The moat optimistic; 

b) the current best estimate; 

c) the worst case, and 

d) a previous run without absorption chillers 
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It wae found that the percentage of thermal energy at 350F had a 
relatively small effect on the economics. Aa the percentage is 
decreased, less cooling Is provided by absorption. However, a larger 
fraction of the space heating and DHW loads are then satisfied by the 
fuel cell. In fact, if all of the thermal energy from the fuel cell system 
were at 200F, the economics are still favorable as shown by the last 
entry in Table J. This entry corresponds to a fuel cel), system with 
only electric chillers. The economics of this system are nearly as 
favorable as the system with a combination of absorption and electilc 
chillers, as was shown in an earlier section of this report. 

It is concluded that the economics of a fuel cell system witli 89% of its 
thermal output at 350F will be negligibly different from the fuel 
cell with lOui at 350F. 


Table J 

Effect of Fuel Cell Thermal Output Temperature 


Fuel Cell 
Capacity 

Thermal 
0 350F 

Output 
0 200F 

CTV 

Capac. 

ABS2 

Capac. 

NPV 

IRR 

(KW) 

(%) 

(%) 

(10 6 Btuh) 

(106 Bcuh) ($000 > 

ur 

460 

96 

4 

4.6 

1.5 

655 

35.0 

460 

89 

11 

4.7 

1.4 

649 

34.9 

460 

48 

52 

5.4 

0.7 

615 

34.7 

440 

0 

100 

6.1 

0 

573 

34.6 
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J. Effect of Cold Side Thermal Storage 

The use of cold side thermal storage reduces the electric demand 
charges during peak periods. However, cold storage can also be 
applied in a conventional system ob well as in a fuel cell/HVAC 
system. Since the optimum fuel cell capacity is generally less 
than the average electric load, the application of cold storage 
provides about the same benefit to the conventional system as to the 
fuel cell system. The following results therefore apply to both 
systems. 

The economics of cold storage were analyzed for the four buildings. 
The analysis is given in the Appendix. Costs of cold storage were 
determined by Affiliated Engineers. The analysis given in the 
Appendix was modified, taking into account the cost estimate by 
Affiliated Engineers, to yield the results shown in Figure 9 and 
Table K. 

Figure 9 shews two cost curves. One is for the cost of cold 
storage. The other includes a cost savings due to a reduced chiller 
size. With cold storage, a smaller chiller can be installed that 
operates for more hours to produce the same total amount of cooling. 
Fig. 9 shows that the optimum storage capacity for the hospital is 
about 4200 KWH (1200 tons-hrs), with a simple payback period of 4,3 
years. A similar analysis for the other three buildings is shown on 


Table K. 


SIMPLE PAYBACK, YRS ELEC. COST, $000 
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FIG. 9 COLD SIDE THERMAL STORAGE , HOSPITAL, WASH. D.C. 
(Multiply Ton-hrt by 3.52 to got KWH) 


INSTALLED COST, $ 000 




Table K. 


Bf foci 

of Cold ! 

Side Thermal 

Storage 

ihi mi lug 

Storage 
( KWH) 

Capacity 

(Ton-lira) 

jUmple Iq^bnck 
Cyra) 

Hot) pit ui 

4 200 

1200 

4.3 

Apartment, 

1800 

300 

3.4 

Office 

2300 

700 

3.3 

Retail 

3300 

1000 

4.0 


The recommended HVAC subsystem design is shown on Fig. 10. The 
design incorporates a combination of electric and absorption 
chillers and thermal storage as recommended in the previous sections 
of this report. All of the necessary components, including heat 
exchangers, pumps, interconnecting piping and controls, are shown on 
Fig. 10. For comparison, a conventional HVAC system is shown on 
Fig. 11. The systems were designed and specified for a 460 KW fuel 
cell in the hospital. This work was performed by Affiliated 
Engineers, Inc. 

Fig. 12 shows how the components would fit into a mechanical room. 

A large part of the floor area is occupied by the chilLed water 
storage tanks. If ice were used for cold storage, the floor area 
for storage would only be about one-fourth of that shown. 

Supporting information on system components, controls, and system 
operation are given in the Appendix. 

HVAC Subsystem Installed Cos t 

Affiliated Engineers estimated the installed cost of the HVAC 
subsystem shown on Fig. 10. These costs are given In Table N for 
the hospital. The costs are Incremental costs over a conventional 
system. The total incremental costs for the HVAC subsystem with the 
460 KW fuel ceil reduce to a cost of $358/KW. 
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FIG. 12 MECHANICAL ROOM PLAN 
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TABLE L. 

ADDITIONAL FUEL CELL HECHANICAL SYSTEM COST 
ABOVE CONVENTIONAL SYSTEM COST 


CHILLED WATER SYSTEM COST 

a. Chiller Cost Difference 

b. Chiller Bypass (one chiller) 

c. Controls 

$ 5,000 
$ 700 

$ 500 

$ 6,200 

BUILDING HEATING SYSTEM 

a. Boiler Cost Difference 

b. Water Storaqe Tank 

c. Tank Bypass & 3-Way Valve 

d. Recovery Loop (includes pump, valves, piping) 

e. Controls 

$(21,000) 
$ 3,600 
$ 700 
$ 3,400 
$ 1,200 

$(12,100) 

DOMESTIC WATER HEATING SYSTEM 

a. Storage Tank 

b. Steam/Water HX 

c. Tank Heater 

d. Recovery Loop (Includes pump, valves, piping) 

e. Controls 

$ 2, **00 
$ 1,300 
$ (Moo) 
$ 3,400 
$ 700 

$ 6,400 

HEAT TRANSFER FLUID SYSTEM 

a. Heat Exchangers HX- 1,2,3 

b. Pumps P-1 through P-6 

c. Cooling Tower CT-2 and Sump 

d. Piping, Valves, Expansion Tanks 

e. Controls 

$ 8,000 
$ 25,000 
$ 5,200 
$ 18,500 
$ 5,900 

$ 62,000 

ELECTRIC COSTS 

a. Motor Connections 

b. Para) lei ing Gear 

c. No Emergency Generator 

$ 7,700 
$ 98,000 
$(35,000) 

$ 70,700 

MISCELLANEOUS COSTS 

a. Additional Mechanical Space ($30/sq.ft.) 

b. Exhaust Stack, Inlet Duct, Natural Gas Pipe 
for Fuel Cell 

$ 30,000 
$ 1,500 

$ 31,500 

TOTAL ADDITIONAL COST 


$164,700 


( 


) Denotes a credit 
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The cost estimate of Table L was done In more detail, and is more 
accurate, than the cost estimates used in t'he economic analyses (Task 
XI). The estimate of Table L is somewhat higher as shown on Table M, 
However, when the fuel cell ByBtem cost is included, the total system 
cost is only 5* larger than the Task IX estimate. There is only a 
small effect on the economics, as is also shown on Table M. 

Therefore, all of the previous economic results are slightly 
optimistic, but the conclusions do not change. 




EMCtaWa EAGE JUNK No® 


Tabl.i M. 

Effect of Refined Cost Estimate 



Task II 

Refined 

Installed Cost 


(Table N) 

HVAC over conventional 

$133,600 

$164,700 

Fuel cell system @ $980/KW 

450,800 

450,800 

Total 

$584,400 

$615,500 

Economics 



Net present value 

$655,000 

$615,000 

Internal rate of return 

34.6% 

33.0% 


PC/CTV/ABS2/H System 
Hospital, Wash., D.C. 

460 KW Fuel Cell, Con. Ed. rates 
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IV. CONCLUSIONS 

Type of Chiller . The moat economical system contains both an absorption 
chiller and an electric chiller. A system with only electric chillera la 
nearly as good. Syaterao with only absorption chillers are clearly less 
economic than the other two system types. 

Fuel Cell System Capacity . The optimum fuel cell system capacity was 
found to be primarily a function of th'i h’.(il<Ut|i$ *,oad ratio — the ratio 
of the average thermal load to the average electric load* fst buildings 
with a load ratio near unity, the fuel cell irystem capacity should 
approximately 80% of the average electric 

Type of Building . The hospital represents the best application for fuel 
cell systems of the four buildings studied. The apartment building was 
the next best of the four. The retail store can yield an internal rate 
of return nearly as high as the hospital and apartment. However, the 
impact on the building owner's owning and operating cost is less because 
the optimum fuel cell capacity is relatively much Bmalle\ Fuel cell 
system applications in office buildings are not economically competitive 
at current estimates of installed fuel cell system cost. 

Location . The primary variable is the electric rate structure, Weather 
haB a secondary effect because the cooling loads of commercial buildings 
are dominated by internal loads. 


Thermal S to man . The use of thermal storage for domestic hot water and 
space heating improves the economics for most systems and buildings. The 
largest improvement was for the retail store, where most of the thermal 
load is for daytime domestic hot water. 

Taxes. A tax exempt hospital will yield a higher internal rate of return 
than a privately owned hospital. The main reason is that utiLlty costs 
are tax deductible expenses for the privately owned hospital, which In 
effect reduces the utility coat savings by about one-half. 

Fuel Cell System Cost . A comparison was made between the maximum 
allowable coat to yield a "break-even" internal rate of return of 15 % and 
the current Engelhard cost estimate. In regions with low electric 
prices, such as Commonwealth Edison, the Engelhard estimate exceeded the 
break-even cost. This conclusion holds for all building types. However, 
in regions with high electricity prices, such ns Consolidated Edison, the 
Engelhard estimate was about one-half the break-even coat for the 
hospital, upartment and retail store. For the office building, the 
Engelhard estimate exceeded the break-even cost for all electric ratu 
structures. These results show that the allowable fuel cell coBt depends 
strongly on the electric rate structure and the type of building. 

Fuel Cell Operating Mode . The most economical operating mode for the 
fuel cell system is to operate continuously at rated capacity. 
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Fuel Cull System Thermal Output Temperature . A fuel coll aye tom with 89X 
of the thermal output at 350F ami lit at 200°F yields values of IKK and 
NPV very clone to thoae for a fuel cell system with lOOt output at 350F. 

Cold Side Thermal Storage . Thu application of cold side thermal storage 
to fuel cell/HVAC systems yieldo about the same benefit as for 
application in conventional HVAC systems. Cold Bide thcrmul storage can 
yield a simple payback period of 3-4 years in localities with 
Consolidated Edison electric rated. 

Fuel Coll Condenser Heat Utilization . Systems that utilize fuel cell 
condenser heat to heat domestic hot water can yield short payback periods 
and are recommended for a fuel cell/HVAC system. 

Goneral Economic Feasibility . The four most important requirements for 
the economic feasibility of fuel cell/HVAC systems are: 

- applications in buildings with high thermal to electric 
Load ratios; 

- applications In localities with medium to high electric 
rates; 

- achievement of fuel cell coat goals; and 


the continued existence of PUKPA. 


PURPA is necessary to guarantee that supplemental electricity can be 
purchased from the utility at a reasonable rate. The sell-back provisions 
of PURPA are not crucial since the optimally sized fuel cell will generate 
small quantities of excess electricity. 

Figure 16 illustrates qualitatively the effect of the above factors on the 
market in commercial buildings. The largest market penetration will occur 
at high electric prices, at medium to high load ratios, and at the fuel 
cell system cost goals. Deviations from these three requirements will 
decrease the market penetration. The total fuel cell system market would 
be represented by the volume under the surface. 
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APPENDICES 


A. Electric Rate Structures 

B. Cold Storage Analysis 

C. HVAC Subsystem Design Information 

D. TRACE Run Summaries 

E. Sample TRACE Output Summary (Selected Pages) 

F. Sample Load Profiles 


A. ELECTRIC RATE STRUCTURES 
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CON ED COGENERATION RATES 
(From Engelhard) 


Energy Charge 

8 a.m, - 10 p.m., weekdays 
All other hours 
Demand Charge 

Oct. 15 - May 15 
May 15 - Oct, 15 
Back-up and Reverse Distribution Charge 

(Installed fuel cell KW) X $1. 77/Mo. 


1982 

6.7P/KWH 

5.7C/KWH 

$ 9.68/KW 
$24 . 28/KW 


+ (Peak sell-back KW) 
Sell-back Rates 


1.77/Mo. 


May 15 - Oct. 15, noon - 6 p.m. 11.0<?/KWH 
8 a .m. - noon & 

6 p.m. - 10 p.m. 5.3<?/KWH 
Off-Peak 3.5C/KWH 

Oct. 15 - May 15, 8 a.m. - 10 p.m. 4.lc/KWH 


Off-Peak 


3.3C/KWH 


1985 
9. 1 


7.8 


13.16 

33.02 

2.41 

2.41 

15.0 

7.21 

4.76 

5.58 

4.49 


BOSTON EDISON COGENERATION RATES 


(from Engelhard) 

1982 1985 

Energy Charge 

July 1 - Oct, 31 7.1d/KWH 9.66 

Nov. 1 - June 30 6.8C/KWH 9.25 

Demand Charge 

July 1 - Oct. 31 $4 . 93/KW 6.70 

Nov. 1 - June 30 $3.91/KW 5.32 

Back-up Charge (applies up to fuel cell capacity) 

(Installed fuel cell KW) x $2. 40/Mo. 3.26 

Sell-back Rates 

July 1 - Oct. 31, 11 a.m. - 5 p.m. 6.82(?/KWH 9.28 

weekdays 

3.97C/KWH 5.40 


Other times 



SO. CAL. EDISON COGENERATION RATES 



(from ADL) 


Energy Charge 

1982 

1985 

On-Peak 

5.72C/KWH 

7.78 

Mid-Peak 

5.39C/KWU 

7.32 

Off-Peak 

5.04C/KWH 

6.85 

Demand Charge 



On-Peak 

$5. 05/KW 

6.87 

Mid-Peak 

$ * 65 /KW 

.88 

Off-Peak 

0 

0 


Back-Up Charge 

(Installed fuel cell KW) x $1. 00/Mo. 1.36 

Minimum Demand Charge 

25% of maximum on-peak demand charge 
during previous 11 months 

Sell-back Rate s 

Same as "buy" rates except the net energy 
demand cannot be less than zero. 

Definitions : 

On-Peak: May 1 - Oct. 31, 1 p.m. - 7 p.m. weekdays 

Nov. 1 - Apr. 30, 5 p.m. - 10 p.m., weekdays 
Mid-Peak: May 1 - Oct. 31, 9 a.m. - 1 p.m. & 7 p.m. - 11 p.m. weekdays 
Nov. 1 - Apr. 30, 8 a.m. - 5 p.m. weekdays 
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COMMONWE ALTH EDISON COG ENERATION RATES 


Energy Change 


On-Peak: 

Off-Peak: 


(from ADL) 

On-Peak 

1982 

Off-Peak 

1985 

On-Peak 

Off-Peak 

First 6000 KWH 

$6,50C/KWH 

5.36C/KWH 

8.84 

7.29 

Next 24,000 KWH 

5.57 

4.43 

7.58 

6.02 

Next 70,000 KIWI 

4.97 

3.83 

6.76 

5.21 

Next 400 , 000KWH 

4.68 

3.53 

6.36 

4 . 80 

Uemainder 

4.24 

3.10 

5.77 

4.22 

9 a.m. - 10 p.m. 

weekdays 




All other hours 







June 1 - Sept. 30, 


First 1000 KW, $7.54/KW 


Next 9000 KW, $6.77/KW 


Oct. 1 - May 31, First 1000 KW, $5.88/KW 
Next 9000 KW, $5.26/KW 


10.25 

9.21 

8.00 

7.15 


Minimum Demand Charge 
Oct. 1 - May 31: 


75% of highest summer demand charge 
during previous 23 months. 


Sell-back Rates 

June 1 - Sept. 30, 9 a.m. - 10 p.m. weekdays 

All other hours 

Oct. 1 - May 31, 9 a.m. - 10 p.m. weekdays 

All other hours 


5.69C/KWH 7 - 74 

3 . lie/ KWH 4.23 
5. 54c /KWH 7.53 
3.61c/ KWH 4.91 
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G EORG IA POWER COGEN ERATION RATES 
(from ADL) 


W 82 . i^as 

Eneray (and demand) Charge *" ' 

For KWH consumption lass than 300 X demands 


First 3000 KWH 

1 1 . 36$/ KWH 

15.45 

Next 7000 KWH 

10.26C/KWH 

13.95 

Next 190,000 KWH 

8. 20c /KWH 

11.15 

Over 200,000 KWH 

6. 73c /KWH 

9.15 

300 

For KWH consumption over -AfKTX demand: 

First 3000 KWH 

11. 00c /KWH 

14.96 

Next 7000 KWH 

9.90C/KWH 

13.46 

Next 190,000 KWH 

7.84C/KWH 

10.66 

Over 200,000 KWH 

6. 37c /KWH 

8.66 

Sell-back Rates (estimate) 

6.37C/KWH 


8.66 
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NEW JERSEY 

PUBLIC SERVICE ELECTRIC & GAS 
(from Engelhard) 


En.q. r sy 


7 a.m. - 9 p.m., weekdays 

1982 

6. f> 7 C/KWH 

1985 
9. T9 

7 a.m. - 9 p.m., Saturdays 

6.46c/KWH 

8.79 

Other times 

4.5C/KWH 

6.12 

Demand 



June - Oct 

$7 . 59/KW/Mo. 

10.20 

Nov - Nay 

6. 60/KW/Mo. 

8.98 

Sell-Back 



June - Oct 



7 a.m. - 9 p.m., weekdays 

8. 00c /KWH 

10.88 

7 a.m. - 9 p.m., Saturdays 

3.67c/KWH 

7.71 

Other times 

3. 69c /KWH 

5.02 

Nov - May 



7 a.m. - 9 p.m., weekdays 

8. 14c /KWH 

11.07 

7 a.m. - 9 p.m., Saturdays 

6.01c /KWH 

8.17 

Other times 

4 . 86c/KWH 

6.61 
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15. COLD STORAGE ANALYSIS 
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TOs 

PROMs 

DATE! 

SUBJECT: 


gg*i* cournuoume 


L. MOUGIN - 12G 

J. WENDS CHLAC - 12G 
FEBRUARY 28, 1983 
CHIU STORAGE 


LA CROSSE 


cc: P. JOYNER - 11R 

F. HAYES - 12G 


Chill storage systems for commercial buildings are increasingly being 
investigated as viable means of reducing peak electrical demands. This 
results in coot savings both to the utilities, by deferring the capital 
costs of increasing capacity, and to the customer, by favorable utility 
imposed rate structures. As part of our contract with Engelhard on 
Fuel Cells, the economics of chill storage was investigated using 
TRACE. 


The strategy used in TRACE for simulating chill storage simply attempts 
to take advantage of the on-peak to off-peak energy charge 
differentials. No attempt Is made to reduce peak demand charges and, 
in fact, these charges may actually increase when the system is 
controlled in this manner. Another problem with the TRACE method of 
simulating chill storage is the lack of any means to include tank loss 
terras. Actual chill storage systems will require increased energy 
utilization due to heat gains into the tank as a result of the 
temperature difference between the tank contents and its environment. 
Furthermore, all of the chill which is stored in a tank is not useable 
because mixing inherently takes place, resulting in a portion of the 
storage attaining unsuitable temperatures. 

In an e F fort to more the- >ughly evaluate the potential of chill storage 
in the buildings analyzed in this project, two new computer programs 
have been written. These programs assess the performance of chill 
storage with more optimum control strategies. Two programs were 
written to allow comparisons for two different types of utility rate 
structures. The programs use, as input, the air conditioning and 
electrical loads which are computed and output from TRACE. Provision 
Is also made to allow input of user specified tank loss terms which 
result from mixing and heat gain. 

GROSS PROP -AM DESCRIPTIONS 

The first program was written to optimize control for Consolidated 
Edison's electrical race structure as summarized in Table X. This rate 
structure has very high demand charges, especially during the summer 
months when the bulk of air conditioning is required. The difference 
between on-peak and off-peak energy charges is only 142. The greatest 
amount of savings through the utilization of chill storage thus comes 
about through minimization of the peak demand for a given storage 
capacity. 
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Figure i shows the electrical demand vs. time of day for a hospital In 
Washington, DC on a weekday during August. The shaded areas show the 
times when 1500 ton-hours of chill storage are being charged and 
utilized. Besides reducing the peak demand by 134 KW, a portion of the 
energy utilization is shifted from on-pea' r.< off-peak. The shaded 
area under the charging portion of the curve greater than the shaded 
area under the utilization portion due to losses associated with the 
storage system. In this case a 10% loss was assumed due to heat gain 
as a result of temperature differences across the tank and associated 
plumbing during charging of the tank. Thus 1650 ton-hrs of cooling 
must be generated to fully charge the tank to 1500 ton-hrs. An 
additional 10% loss was assumed associated with mixing during 
utilization of the tank storage. This results in only 1350 ton-hrs of 
the stored chill being usable for air conditioning. The total increase 
in energy utilization associated with the storage system is thus 
(1650/1350-1) or 22% of the storage capacity. 

The second computer program was written to optimize control for 
Southern California Edison 1 b Electrical Rate Structure as summarized in 
Table II, This rate structure has a high peak demand charge during 
on-peak periods, a very low peak demand charge during shoulder periods, 
and no peak demand charge off-peak. The difference between on-peak and 
off-peak energy charges is 12%. The greatest savings in the 
utilization of chill storage comes about by minimizing the peak demand 
during on-peak times. This also shifts the stored energy charges from 
on-peak to off-peak rates. 

Figure 2 shows control of the storage system for the same loads used In 
Figure 1 , but under the Southern California Edison rate structure. The 
1000 ton-hours of storage In this case reduces the peak demand during 
the on-peak period by 160 KW. In addition this load Is shifted to the 
off-peak energy charge. Again 10% losses are assumed both for the heat 
gains due to temperature differences and for mixing In the tank. 

PARAMETRIC ANALYSIS 


The economics of chill storage have been examined for four commercial 
building types using both the Con. Ed. and So. Cal. Ed. rate 
structures. Table III summarizes the building types examined, showing 
their relative sizes and the magnitudes of their electrical loadB and 
air conditioning costs. Each of these buildings were In turn simulated 
over a range of chill storage capacities for both utility rate 
structures. 

Table b IV and V show the results of this analysis for the Con. Ed. and 
So. Cal. Ed. rate structures, respectively. 

The increases in annual electrical energy requirements with increasing 
storage capacity reflect the losses associated with chill storage. The 
annual peak electrical demand typically occurs during an August 
weekday, so the effect of chill storage capacity on this peak is 
highlighted. The electrical costs include demand and energy charges 
and are calculated using the 1985 projected rate structures. 
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Figures 3 and 4 show Che relative savings on air conditioning costs for 
each building as a function of the storage capacity. Cost savings of 
over 50% are achievable under some circumstances. 

The installed cost of chill storage may vary over a considerable range. 
The actual cost will depend on such things as the type of storage used, 
such as water vs. ice, the type of tank construction, local 
construction costs, and an assessment of the value of the space taken 
up by the tank and additional associated equipment. In an effort to 
provide general data for easily computing economical chill storage 
capacities, Figures 5 and 6 have been prepared for the two utility rate 
structures. These curves plot the annual savings per ton-hour of 
storage capacity as a function of the storage capacity. For example, 

If the cost of chill storage in a hospital is $80 per ton-hour, and a 
five-year payback is acceptable, the annual savings per ton-hour of 
capacity must be $16. Figure 5 shows that this savings can be achieved 
with an installed capacity of 1100 ton-hours, under Con. Ed. electrical 
rates. 

A factor which can significantly reduce the installed cost of chill 
storage is credit for reduced chiller size. Depending on the amount 
of storage Installed and the building air conditioning load profile, 
chiller capacity may be reduced as much as 50%. This can offset a 
substantial part of the added costs of chill storage. Figure 7 shows 
the estimated installed chiller costs as a function of the chiller size 
in 1985 dollars. The actual chiller size reduction in a chill storage 
application will be a function of the HVAC designer and the assessment 
of storage system reliability. All computations presented were made 
with full size chillers. 

CALMAC Manufacturing Corporation is a manufacturer of ice storage 
modules for chill storage applications. They estimate the installed 
cost of their storage system at $60 per ton-hour. Based on this cost 
number, simple paybacks were calculated for the four buildings examined 
over a range of storage capacities. The results of these calculations 
are presented in Tables VI and VII for the two utility rate structures. 

Besides the computations which include estimated system losses, the 
payback was projected assuming an ideal system with no increase in 
energy usage. This serves to emphasize the affects that loss estimates 
can have on chill storage economic analysis. 
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CONCLUSIONS 


Chill storage, when properly controlled, -has . the capability to 
significantly reduce the peak electrical demands for commercial 
buildings. For utility rate structures which have high demand charges, 
this translates into substantial annual operating cost savings. Simple 
payback analysis have shown that paybacks of less than 2 years are 
attainable for small amounts of chill storage under Consolidated 
Edison's rate structure, if the incremental cost of the storage is 
assumed to be $60 per ton-hour. Chill storage thus appears to be 
economical in some parts of the country. 


TABLE X. CONSOLIDATED EDISON ELECTRICAL RATE STRUCTURE 


ENERGY CHARGE 

1982 

1985 

8 a.m. - 10 p.ra., weekdays 

6.7^/KWH 

9.U/KWH 

All other hours 

S.nham 

7.84/KWH 

DEMAND CHARGE 



Oct. 15 - May 15 

$9.68/KW 

$ 13. 16/KW 

May 15 - Oct. 15 

$24 .28/KW 

$33.02/KW 
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TABLE II. SOUTHERN CALIFORNIA EDISON ELECTRICAL RATE STRUCTURE 



DEMAND CHARGE 

On-Peak 

Mid-Peak 

Off-Peak 


S5.05/KW $6 .87/KW 

$0 .65/kw $0 .88/KW 

0 0 


MINIMUM DEMAND CHARGE 

25% of maximum on-peak demand charge during previous 11 months. 
DEFINITIONS 

ON-PEAK: May 1 - Oct. 31, 1 p.m. - 7 p.m. , weekdays 

Nov. 1 - Apr. 30, 5 p.m. - 10 p.m., weekdays 

MID-PEAK: May 1 - Oct. 31, 9 a.ra. - 1 p.m. & 7 p.m. - 11 p.m. 

weekdays 

Nov. 1 - Apr. 30, 8 a.ra. - 5 p.ra. , weekdays 
OFF-PEAK: All other times 


table hi 
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Building 
Hospital 
Apartment 
Office Bldg. 
Retail store 


• DESCRIPTION OF BUILDINGS USED FOR 
CHILL STORAGE PARAMETRIC ANALYSIS 


Size 

(ft,) 

Annual 

Electricity Req. 
(KWH) 

Annual 

Air Conditioning: Coni-n 

Con. Ed. 
$ 

So . Cal . Ei 
$ 

197,000 

4.9 x 10 6 

84,513 

62,152 

81,600 

1.1 x 106 

23,941 

15,591 

66 ,800 

1.4 x 10 6 

23,633 

12,701 

112,000 

1.8 x 10& 

57,897 

34,921 
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TABLE IV. ANALYSIS OF CHILL STORAGE FOR FOUR TYPES 

OF COMMERCIAL BUILDINGS OPERATING ON CONSOLIDATED 
EDISON’S UTILITY RATE STRUCTURE 


Building 

Hospital 


Office 


Apartment 


Storage 

Annual Energy 

Avg. peak 

Elec. Cost 

Ton-Hrs 

(KWH) 

(KWH) 

<$) 


0 A, 915, 219 838 609,778 


500 

4,944,623 

767 

595,627 

1000 

4,965,401 

733 

592,130 

1500 

4,981 ,009 

704 

590,134 

2000 

4,989,541 

701 

589,640 

2500 

4,990,362 

701 

589,687 

0 

1,420,971 

329 

199,199 

150 

1,427 ,518 

304 

194,085 

300 

1,433,146 

291 

191,292 

500 

1,439,050 

277 

188,706 

700 

1,442,884 

263 

187,042 

850 

1,444,870 

257 

186,812 

950 

1,445,246 

257 

186,846 

0 

1,064,513 

259 

146,801 

250 

1,075,132 

208 

138,713 

500 

1,081,648 

194 

137,962 

750 

1,086,577 

194 

13 B , 1 4 1 

1000 

1,089,717 

194 

138,257 

1200 

1,089,717 

194 

138,257 

1400 

1,089,717 

194 

138,257 

0 

1,810,016 

451 

255,232 

500 

1,837,644 

400 

245,677 

1000 

1,856,426 

366 

240,271 

1500 

1,871,175 

333 

235,911 

2000 

1,880,940 

299 

232,732 

2450 

1,881,645 

291 

232,362 

2700 

1,881,645 

291 

232,362 


Retail Store 


63 . 


TABLE V. ANALYSIS OF CHILL STORAGE FOR FOUR TYPES OF 
COMMERCIAL BUILDINGS OPERATING ON SOUTHERN 
CALIFORNIA EDISON’S UTILITY RATE STRUCTURE 



Storoge 

Annual Energy 

Avg, Peak 

Elec. Cos 

Building 

Ton-Hrs 

(KWH) 

(KWK) 

($) 

Hospital 

0 

4,915,219 

838 

424,215 


500 

4,944,714 

738 

419,276 


1000 

4,972,230 

678 

418,159 


1500 

4,990,872 

617 

417,293 


2000 

5,007,338 

555 

417 ,088 


2500 

5,018,884 

553 

417,503 


3000 

5,022,304 

553 

417,654 


3300 

5,021,809 

553 

417,617 

Office 

0 

1,420,971 

329 

134,840 


150 

1,429,043 

298 

132,959 


300 

1,436,342 

274 

132,771 


500 

1,445,196 

257 

132,207 


700 

1,451,720 

257 

132,451 


850 

1,455,044 

257 

132,639 


950 

1,457 ,177 

257 

132,788 

Apartment 

0 

1,064,513 

259 

102,213 


250 

1,079,254 

183 

100,112 


500 

1,092,148 

166 

100,444 


750 

1,099,619 

166 

100,751 


1000 

1,105,768 

166 

101,032 


1200 

1,109,711 

166 

101,224 


1400 

1,111,265 

166 

101,313 

Retail Store 

0 

1,810,016 

445 

172,419 


500 

1,839,511 

377 

169,145 


1000 

1,868,605 

317 

168,422 


1500 

1,889,730 

269 

168,518 


2000 

1,903,644 

269 

169,067 


2450 

1,909,315 

269 

169,335 


TABLE VI 


SIMPLE PAYBACK ANALYSIS FOR 
CHILL STORAGE USING CONSOLIDATED 
EDISON RATE STRUCTURE 
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Storage 

Savings * 

Payback ** *** 

Building 

(Ton-Hrs) 

($) 

(Yra) 

Hospital 

500 

14,151 

2.1 

(1.7) 


1000 

17,648 

3.4 

(2.7) 


1500 

19,644 

4.6 

(3.5) 


2000 

20,138 

6.0 

(4.4) 

Office 

150 

5,114 

1.8 

(1.5) 


300 

7,907 

2.3 

(1.9) 


500 

10,493 

2.9 

(2.4) 


700 

12,157 

3.5 

(3.0) 

Apartment 

250 

8,088 

1.9 

(1.6) 


500 

8,839 

3.4 

(2.9) 


750 

8,660 

5.2 

(4.3) 

Retail Store 

500 

9,555 

3.1 

(2.4) 


1000 

14,961 

4.0 

(3.0) 


1500 

19,321 

4.7 

(3.5) 


2000 

22,500 

5.3 

(4.2) 


* Assumes 10% Mixing Losses, 10% OT Losses 

**A88umes $60/Ton-Hr 

***Payback with no losses 


TABLE VXI 
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SIMPLE PAYBACK ANALYSIS FOR 
CHILL STORAGE USING SOUTHERN 
CALIFORNIA EDISON RATE STRUCTURE. 


Building 

Hospital 


Office 


Apartment 


Retail Store 


Storage 

Savings * 

Payback 


(Ton-Hra) 

($) 

Yrs 


500 

A ,939 

6.1 

( 

4.1)*** 

1000 

6,056 

9.9 

( 

5.8) 

1500 

6,922 

13.0 

( 

7.1) 

2000 

7,127 

16.8 

( 

8.8) 

150 

1,881 

4.8 

( 

3.5) 

300 

2,569 

7.0 

( 

4.8) 

500 

2,633 

11.4 

( 

6.9) 

250 

2,101 

7.1 

( 

4.7) 

500 

1,769 

17.0 

( 

8.1) 

750 

1,462 

30.8 

(11.5) 

500 

3,274 

9.2 

( 

5.3) 

1000 

3,997 

15.0 

( 

7.1) 

1500 

3,901 

23.1 

( 

9.5) 


^Assumes 10% Mixing Losses & 10% OT Losses 
**As8umes $60/Ton~Hr. 

***Payback with no losses. 
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FIGURE 2. EFFECTS OF CHILL STORAGE ON 
ELECTRICAL REQUIREMENTS FOR A HOSPITAL 
IN LOS ANGELES, CAL. 
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FIGURE 3. RELATIVE AIR CONDITIONING 
COST SAVINGS AS A FUNCTION OF CHILL 
cTnoiRp CAPACITY. 
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FIGURE 4. RELATIVE AIR CONDITIONING 
COST SAVINGS AS A FUNCTION OF CHILL 
STORAGE CAPACITY. 
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C HVAC SUBSYSTEM DESIGN 
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thlt ll*«r -III be beied on the pra«lout diy*t load outdoor air t*"peratur«, The Chiller thall Maintain SS f leavlny -lir te-aeratura thru Itt to*- 
trola. Tm electric Chlllar f oun d thill be United to th* enUtiny dally bit* electric dv***d at determined by the de-end llal tiny controller. To 

riM« alactricat tontwnpMon. a J--*y tontral valve ¥-1, thall bypett Chiller -atar fro* tha evaporator out lit to the return -alar enter Inf tha evaporator. 
TM» -HI raduce tha a v ape* a tor Inlat ta-peretwrt, th-t fedvciny tha rlttirlc load at tKa chi liar, 

iTCMCt CMAACIK mtt*j 

A f l*a petit Ion talacter t-Uth that! ba oan-ally t«t to datarolna |ha iu5ar or tantt to ha Charyad. A tlinaclocli, tai to clota itt coniactt dvrlny "off- 
paa*" alactrlcal ratat* or a haat raJactWi ilynal from tha fwal call (rafar te haat racovary tytlao datcriptlen) thru P(‘I2 and ralay It thall fnUlata lha 
chary |—i cycla. Oapa-dley on fha p*tlt|r« of tha ta I actor t-’tch, althar ralay IK, It, it or 7 * thall tleta tha I r ratpactlva contact! If tha tanparat-ra la 
tha tank it iW*a ij f «i dataminad »» aa-aitatt Wl*l fhr- AQ*I and H * I thru ft-*. Onca thata contact* clota, Cf-I It anaryicad and mIv* ¥-1 rat-rnt to 
l(t normal psnltlon «Alch allp-t -atar fl»* thru tha ttoraya tank, Tha abtorptlon chlllar a«4 pottltly lha alaclric ChMIar, If If It *»itchad to tha t» m »r 
petition, -ill oparata until tha talactad «tor*ya capacity hat baan coo I ad to f. fha alactrlc chlllar thall than thut off, lha ttorpya tank bypatt valva 
¥•1 thall opan and tha ahtorpilan chillyr thall try to -att tha Currant coollny load. If lha Currant cool Iny load aacaadt tha aktorptlo* chlllar capacity, 
and lha t»i ta^arat-ra riaat aho»a *5 #, Cf-I thall M anaryliad thru f<-J and AQ-), Thlt -III ©pan tha ttorpya tank valva ¥-1 and uta itorad anarft to 
-a at tha ra-alndar af lt« tarMny load, ^Aian ana full co-^artnant of tha fait Moray# tan* charycd hat taan -tad, tha alactrlc chiller thall to-* back on 
l|na to racharya tha tank, dad it It ttlll dwrlny "off-paak" howrt. 

In tha pvant that aora of tha «tor*ya tank hat Paan coolrd to *5 f t*»#n it rayulrad by th» S petition talrctar t-ltch, lha abtorptiO" Chlllar thall bo turnad 
off thru ft-J*I and ralay ft 5-1 and ralay 10* or ft 7-2 and ralay UK. Tha obtorptlon chlllar -111 ba turnad on -han tha ptpni of ttorpya dropt to fba 
»at«<tad yuantity. 

In tha avanl lha fuel call It oparallnf, tha rayuirad ano^it of chi Mad -atar ttorpya hat baan Hi , end (ha do-attlc -atar pnd hapt iny -atar tteraya tank* 
ara fully charytd, tha Pbtorptlon Chiller -III charye all lour tpokt bafora rajactiny tha fwal call haat directly outtlda. 

CMiutb SMTIt SCCOwCAAT tl^ttn 

Thl* tyttan -ill operate IdantScal tp a convantlonal tytl—, -Mh lha faad p^p bainy ttartad whan lha O.A. tooparptura It abeva $0 f and tha lay p*n«p balny 
* l art ad by a dlffaraaliol prattura tantar aCrott tha tac©nd #r y circuit. Thlt -IM alto -aP-lptc the t-«~-ay bypatt valve. 

TprU M*U> tyttCri 

Thl* tyttaowlll apart! a Identical tb A can«a*tlonel tyttae, ulth aach ppy bal»| tJ tried with itt rptpocttva chlllar. The t»«-— ay bypatt valva thall ba 
ty iwf «p»anavar the ta^arptur# a# tha -atar yainy ta the cool iny te— r It below bO f, TM to-ar fpnt thall ko cycled to nplntaln a 75 f indoor too- 

parwtrra and thall ba later locked with the to-x water pu-yt . 

0 CHILLED NATER SYS TEM 


COYITEOL. SS&epU £NC€2 














HEAT RECOVERY SYSTEM 

ELECTRIC. COWTfeoL-b 


gut UAgsmfltfll TWIMTWC COeTAgt 

The Ml tr^iftr (IvU f* I and F-l thall be Interlocked wTtR the )m 1 «TT A telactor twitch thall determine «dt|<h pun? will ape rata. Ihoold |M 

Mlni»4 fall, tM other »K»II M itirUi thru ^itiurt twitch M*1 end JO v«u^ delay •« n 4» rdiy tit, A tlynel'thell k tint to a* ilim 

panel (o Ir^lult |M pw«(> failure. 

Tamper a turt iranvmlltar TT • I thall trantolt IN hot (tMtfir fluid temperature entering the fuel Coll |o temperature controller K*1, which iNII *o th* 
fotlowlny to maintain JJO r return fl«U temperature: 

1, modulate IM abtorptlen chiller IhrHtoy hype** valve V*) free full h'M** *e no bypett •• ^ Mat irpntfyr fluid temperature rltet fro* )J4 f to 

>27 F. Utlo relay **-l w*H • )*4 P»l tlfol to o J-l) pel tlfol, heverilnf t*l*T rmrut th* )*l) ptl tlfnal to a l)-> ptl tlyrol. 

2, Hart Injection pump f«) thro Ft* 10 who tho fluid temperature riMkt >2l F and modulate two-way control »ilh V*l fro folly dtkt at )2? f in 

folly open *t JK f« Aetlo ralpy M*| will tN*f« a 4*1 Ml tlfnol to • 1*1) Ml »lM*|. hw oi itU twitchjnf rtloy FA-1 will clote valve ¥-4 *rd 

torn off Mf F*J IN |«oMfltwri In IN fMttlC Ml«r tlNff* IfN rlMt 10 200 F, •! W*»d by HNItll AQ-IO. 

J. Start Inject Ion yoy F-b thro Ft*ll mh*n tM fluid twy« r *l* r * flu* to JJI f end Mvlm two-mey control valve V* ) fro* folly dated ot »0 F lo 

folly OM* «t ))) F. Folio relay M ") will t h o » f* o )*ll ptl tlpnel to • J-l) m> llfnol, Fnpvmytlc twltcMny relay FA*2 will dote valve ¥•) H 

UN p^o F-4 when IN iNftritwrt In thy Metlnf tour iterate tv* r I m* In 200 F, e*, i*N*t by hniui AQ-U. 

A, NN « rtjidlN ilynel, thro Ff-11, to ellm* |h« •Mrytitn chlllor to cool Iho ontlro chilled mltr t|or*y* t*N to A) F «Na IN flvld twycritw* 
flee* to JJA F. 

5. Start Iho l»nr Mtrr pwM thro Ft*IJ when Iho fluid loy«r«uf« rltet to ))| f end ooOototo )-vey control *•!«* ¥-7 from fully doted it JJ$ f lo 

fully PP*n if JH f , Mtlo relay AA*b will C M mye • 12-1) ft\ ilfncl |o 0 J-l J I tlyol. 

TgUM UATfi imin 

Thy to-*#r wotyr n* »n|1 w ii»r|tf thro Ft-IJ when thy hyy frm«T#r floN toyriliuri r|*w* lo J35 F, A «y lector y«*ltch «fv»l| Oytyroln# whether F-J 

F-4 will oyraty. ihcoty thy tolyctuA r—* Foil, IM y|hnV>ono ihyll Mart *N an alaro will ba vowMed In |M two nanny r n th« F-l, F*2 control. Thy 

l wo M«lt Ion (Mf VrfJt* valve y-l fhall N Mid «yw thro pnownatlc awltchlnf rtloy F**J tA«««r«r IN mttr |ynporator« Inavlhf MI*) It by law 70 F at 
wind by an watt at «J*ll. \»+n tM ta-yratora rltot above 7<J F f Ft*) Mali twitch and v-l tMlt data. Th* coollny lawr fan thall bo InurlocUd with F-) 
any F*b and tMlI M itarud thro FF*I) wMnovar tM tMM^atoro In |M (nor loop roach* t 1$ F at tontad by a* watt at AQ-I), 

bfrtCSYIC MAT It MtATIItC mT[H 

Clrcolatiny pwnp F»7 thall opera t« tontlnvootly and r«lita Mat^thrw ot*| Mo»e»«r h It availably* TM dwwottlc weiar taoA will ba Maitd to 110 f by tank 
haattr TM*|, ItaWwatar ccaavortor C-2 thall n*l«uln o 190 F wti«r (anpyratwry for tM bluhan hot water topply. 

witmt mcatioc mriM 

Clrcwlat lay r^O F*l thall be ttartad thru Fl-lb whynyvyr 1M Mtar torpor at wra on thy not I at of «*1 It above IA 0 F, at doiernlned by TT*I and TC*2, T«-ey 

control valve V*» thall ba nodolattd to oalnialn 200 F leavlny **~2, at «N tamlned by TT- 1 and TC*I. 

The raoalnOar of tM haatlny lytlaoi tMlI oparaia Identical to a conventional lytton. F-) or F* 10 thall operate coni IhwOwtly, at determined by a te lector 

b-ltch. TM ta-peratvra laavlny converter C-l tNlI ba ret«t babad an 0,A. and thall control }-*ey IM bypatt valve »■) and tM tvo—ay tiaa* control 

velvet In leywence lo Nlalila tat tanpyratura, Meat tchadula thall be at followi: 140 F hot voter tv-fvratvra at 2) F owttldy tpyrtiurt and below, 

100 F hot water tnprrttvrt at 70 F owttidp tempera tore and above . 
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EQUIPMENT SCH 


MARK 


DESCRIPTION 


P-1, P-2 


Heat transfer fluid pumps, 320 C-PM g 25 pst and 38 S5U, suitable for 35Q°F, 20 hp rc 


P-3, P-4 
~P-S~, P-" 6 ' 


HX-1, HX-2 Injection pumps, 50 GPM @ 25 psl and 38 SSU, suitable for 35Q D F, 5 hp ma 


Tower water pumps - CT-2, 107 GTM @ 75 ' head, 61% efficiency, 3.1 BHP, 5 hp motor, 


P-7 


P -8 


Domestic water circulating pump, 50 GPM @ 25' head, 45% efficiency, 0.5 BHP, 3/4 hj 


Heating water reclaim pump, 50 GPM @ 40* head, 50% efficiency, 1,0 BHP, 1-1/2" hp m 
Heating water pumps, 1*25 GPM g 50' head, 70% efficiency, 7.5 DHP, 10 hp motor, 8-1^ 

All M . / A A n All A I. A I I .1 n 1 n. f £ » . I . .. P n I l« 1 a I. . _ . _ - *1 . ' 


P-9, p-lo 


p -11 


P-12 


ll\<M V I I**/ « > | | C ^1 * I V I Vl>« J f f * /» ^*11 | » » “Vi 7 — ' F 

CH-2 evaporator pump, 600 GPM @ A0 ' head, 81% efficiency, 7*5 BHP, 10 hp motor, 7"1 
CH-1 evaporator pump, 250 GPH @ 40' head, 11% efficiency, 4.0 BHP, 5 hp motor, 7-1/ 


P-13, P-14 

Chilled water secondary pumps, 425 GPH @ 50' head, 70% efficiency, 7.5 BHP, 10 hp ri 

P-15 

CH-1 tower water pump, 450 GPM @ 45' head, 68 % efficiency, 7.0 BHP, 10 hp motor, 

P-16 

CH-2 tower water pump, 900 GPH @ 45' head, 81% efficiency, 12.5 BHP, 15 hp motor, 8 

CP-1 

Duplex condensate pump, 6000 4* FOR. 9 GPM g 20 psl, 3500 rpm, 14 gallon receiver,^ 

CH-1 

Two stage absorption chiller, 125 tons, cool 250 GPH from 57”45 with 450 GPH of tovi 

CH-2 

Electric centrifugal chiller, 300 tons, cool 600 GPM from 57“45 with 872 GPH of toi* 

CT-1 

Air conditioning cooling tower, cool 1350 GPH from 96°F - 85 ° F @ 78° F W.B., twin g« 

CT-2 

Process cooling tower, cool 1 07 GPH from 120°F “ 90°F @ 78°F W.B., counterf low typi 

HX-1 ,2 

Domes tlc/hea ting water reclaim, heat 50 GPM of water from 140-200 F with 95 GPH of| 

HX-3 

Fuel cell thermal dump, cool 80' GPH of multitherm PG-1 from 350-265°F with 107 Gp( 

DR-1 

Packaged deaerator, 36 " x 72" receiver, duplex pumps - 20 GPM g 125 psl, 7” 1/2 hp J 

B-1, B-2 

150 psl steam boiler, 3000 MBH Input, 2250 MBH output, natural gas firing rate 3001 


c-i 

Heating water convertor, heat 425 GPH from 120-140°F with 2 psi steam, 4250 MBH, 4; 

C-2 

Domestic water convertor, heat 22 GPM from 110-180°F with 2 psi steam, 770 MBH, 1% 

TH-1 

Domesttc water tank heater, heat 1000 GPH from 50-1 10°F with 2 psl steam, 500 MBH^ 

CHS Storage Tank; 

ASHE steel tank, nominal 25,000 gallons each, (41 required, stamped and tested foi^ 

DHS Storage Tank 

ASME steel tank, nominal 7500 gallons, stamped and tested for 125 psi, provide w/4 

HWS Storage Tank 

ASME steel tank, nominal 5500 gallons, stamped and tested for 125 psi, provide w/^ 

CT-1 Indoor Sump 

Steel tank, nominal 2500 gallons, vertical style | 

CT-2 Indoor Sump 

Steel tank, nominal 500 gallons, vertical style 
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i/IENT SCHEDULE 


REMARKS 

)le for 35Q°F, 20 hp motor, 47% efficiency 

Viking, MR4124V 

ale for '35Q°F, 5 hp motor, 58% efficiency 

Viking, K4124V 

3,1 BHP, 5 hp motor, 8-5/8" impeller, stuffing box seal, 1/50 rpm 

Bell £ Gossett Series 1 5 1 0-1 - 1 /2"B0 

lency, 0,5 BHP, 3 /4 hp motor, 5-1/2" Impeller, mechanical seal, 1750 rp 

* Bell £ Gossett Series 8o-1ixlix7 

, 1,0 BHP, 1-1/2" hp motor, 6-1/2" impeller, mechanical seal, 1750 rpm 

Bell £ Gossett Series 80- 1 ixl ix7 

BHP, 10 hp motor, 8-1/2" impeller, mechanical seal, 1750 rpm 

Bell £ Gossett Series 15lO-3"BB 

,BHP, 10 hp motor, 7“ 1/2" Impeller, mechanical seal, 1750 rpm 

Bell £ Gossett Series 1510-4BC 

BHP, 5 hp motor, 7“l/4" impeller, mechanical seal, 1750 rpm 

Bell £ Gossett Series 1510-2-1/2BB 

ency, 7-5 BHP, 10 hp motor, 8-1/2" Impeller, mechanical seal, 1750 rpm 

Bell £ Gossett Series 15lO-3"BB 

0 BHP, 10 hp motor, 8-1/4" Impeller, stuffing box seal, 1750 rpm 

Bell £ Gossett Series 1510-3"BB 

•5 BHP, 15 hp motor, 8 " impeller, stuffing box seal, 1750 rpm 

Bell £ Gossett Series 1510-5"BC 

, 14 gallon receiver, 1/3 hp pump motors 

Domestic 62CC 

45 with 450 GPM of tower water g 85“98.3°F, 350°F concentrator temp 


45 with 872 GPM of tower water 0 85“95°F* 0.7Q7 kw/ton 

Trane CVHE-25F-AA-2K-2604DA I2DA-7 

F § 78°F W.B., twin cell, crossflow type, 2 fans @ 10 hp each 

B.A.C. OFT (2) 2416 

W.B., counterflow type, 5 hp fan motor 

B.A.C. VX-45 

-200 F with 95 GPM of multi therm PG-1 § 350-281 F 

Tranter UX-0I6-UJ-26 

350-265°F with 107 GPM of tower water 0 90-1 18.1 °F 

Tranter UX-016-UJ-26 

0 125 psi, 7 - 1/2 hp each, two compartment design 

Domestic . 005cc/ liter package 

1 gas firing rate 3000 ftVhr, forced draft fan - 2 hp 

Cleaver Brooks M4HP-3000 

si steam, 4250 MBH, 4381 #/hr, 1 25 psi design pressure 

Bell £ Gossett SU-144-2 

si steam, 770 MBH, 7°4 K/ hr, 125 psi design pressure 

Bell £ Gossett SU-84-4 

2 psi steam, 500 MBH, 515 #/hr, 125 psi design pressure 

Bell £ Gossett TSC 103& 

tamped and tested for 125 psi, provide w/ 12 " transfer pipes 

1 1 1 diameter x 36 ' lonq 

125 psi, provide w/4" transfer pipes 

8 ' diameter x 20 ' long 

125 psi, provide w/ 8 " transfer pipes 

8 ' diameter x 15 ' long 


6 ‘ diameter x 12 1 hlqh 


4' diameter x 6 * high 
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FUEL CELL HEAT REJECTION UCACE -SPRING 




(Based on 


ICE STORAGE VS. WATER STORAGE COMPARISON 
1200 ton-hrs of storage - pressurized water storage sys 


tem) 


Mech. Space Req'd. 

Cost ($30/Sq. Ft.) 

Storage Volume Req'd. 
Cost 

Pr imary Cooling Equip. 
Cost 


ICE STORAGE 

900 Sq. Ft. 
$27,000 

1*370 Ft 3 
$55,000 


(3) 100 Ton Water 
Cooled Condensing Units 
$ 95,000 


WATER STORAGE 

2320 Sq. Ft. 

$ 69,600 


13,333 Ft 3 

$95,000 


300 Ton Centrifugal 
Water Chi I Icr 
$ 81,000 


Cost of Additional $20,000 

Refrigeration Accessories, 

Piping and Controls 


TOTAL COST 


$ 197,000 


$ 21 * 5,600 


D. TRACE RUN SUMMARIES 


original page is 

OF POOR QUALITY 


TABLE ri 

EFFECT OF FUEL CELL COST 
1985 INSTALLATION 




FUEL 

INCR, 

1985 






CELL 

INST'D, 

UTIL, 




RUN 

SYSTEM 

COST 

COST 

COST 

SPB 

NPV 

IRR 



(8/KW) 

(«) 

(8) 

( YRS) 

(8) 

(PCT) 

HOSPITAL (400 KW) 







CON. 

ED, RATES 







7 

CTV 

- 

O 

741,500 

m 

m 

m 

7 

FC/CTV/H 

900 

454,330 

532,400 

2,2 

559,500 

36,4 

7 

FC/CTV/H 

1470 

650,300 

532,400 

3.1 

380,200 

26.2 

7 

FC/CTV/H 

1960 

846,300 

532,400 

4.0 

220,400 

20,6 

40 

FC/CTV/H 

2940 

1,238,300 

532,400 


-157,400 

12,0 

COM. 

EO, RATES 







10 

CTV 

ftt 

- 

528,700 

• 

- 


10 

FC/CTV/H 

980 

454,300 

444,700 

5.4 

-130,000 

5,3 

41 

FC/CTV/H 

I960 

846,300 

444,700 


-488,600 

0.0 

41 

FC/CTV/H 

2940 

1,238,300 

444,700 


-847,000 

0.0 

C? S3 

C* *3 Cf 

m 

W «• *» ■ 


l« 

m w» m 

•• FI 

APARTMENT (50 KW) 







CON. 

ED, RATES 







20 

CTV 

m 

- 

192,000 

m 

m 

m 

20 

FC/CTV/H 

900 

58,450 

171,500 

2.7 

44,700 

29,2 

42 

FC/CTV/H 

I960 

107,500 

171 ,500 

5,0 

-735 

14.8 

42 

FC/CTV/H 

2940 

156,500 

171,500 

7.3 

-45, 1 40 

7.5 

COM. 

ED. RATES 







43 

CTV 

- 

«• 

149,300 

m 

• 

m 

43 

FC/CTV/H 

900 

5R , 450 

138,700 

5,5 

-14,200 

4.7 

43 

FC/CTV/H 

1960 

107,500 

138,700 

10,1 

-59,700 

0.0 

retail 

STORE (65 1 

KW) 





• 

CON. 

ED, PATES 







20 

CTV 

m 

- 

253,600 

m 

54 

m 

28 

FC/CTV/H 

900 

76,500 

222,300 

2.4 

73,900 

32 . 7 

44 

FC/CTV/H 

1960 

140,200 

222,300 

4.5 

14,300 

17.3 

44 

FC/CTV/H 

2940 

203,000 

222,300 

6*5 

-47,200 

9.2 

COM, 

ED, RATES 







45 

CTV 

m 

- 

172,200 

m 


m 

45 

FC/CTV/H 

980 

76,500 

158,500 

5,6 

-23,400 

3.4 

45 

FC/CTV/H 

1960 

140,200 

158,500 

10,3 

-83,100 

0,0 

45 

FC/CTV/H 

2940 

203,800 

158,500 

14,9 

-144,600 

0.0 

OFFICE 

BUILDING (85 KW) 






CON. 

ED, RATES 







24 

CTV 

n 

- 

193,200 

CP 

- 

- 

24 

FC/CTV/H 

900 

95,500 

168,900 

3,9 

-6,263 

12.8 

4b 

FC/CTV/H 

I960 

178,800 

168,900 

7.3 

-85,300 

0,0 

46 

FC/CTV/H 

2940 

262,100 

168,900 

10,8 

-159,100 

0,0 
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tarlc r? 

errrct or run cell capaciti 


HOSPITAL CPMtV. 0»NFD), « ASH I NCTON , DC 
CON, CP. riCCTPIf RATES 
•980/K* ruft CCLI« COST IN 1985 





run. 

I NCRFN . 

1915 






t.OAP 

CFLL 

INST'D 

UTILITY 




RUN 

SYSTfN 

pRoriLe 

CAPA C. 

COST 

COST 

SPB 

6PV 

IRR 



(RN) 

( K N ) 

(4) 

(I) 

(YRS) 

(1) 

(PCT) 

2 

f TV 


m 

• 

741,500 

• 

• 

m 

2 

fC/CTV 

387(B) 

400 

436,000 

544,400 

2.2 

495,900 

35.2 



579(A) 

590 

643,100 

490,400 

2.6 

493,100 

30.1 



• 55 ( P ) 

940 1.074.600 

494,600 

4.2 

-104,700 

11.7 

4 

rC/AHRI 

393(8) 

400 

517,400 

621 ,000 

4.3 

-76 , 600 

10.2 



553(A) 

520 

6 4 R , 200 

560,500 

3.6 

63,600 

16,2 



796(P) 

700 

N44.400 

503,400 

3.5 

1 37,200 

19.0 

5 

r C/APS2 

396(B) 

400 

553,600 

565,300 

1.1 

247,300 

74.0 



544(A) 

520 

6R4 , 400 

514,700 

3.0 

334,500 

24.7 



775(P) 

700 

880,600 

469,500 

3.2 

313,600 

22.6 

31 

rr/cTv/ABS2 









344(B) 

400 

506,500 

510,000 

2.2 

609 , 600 

35.5 



514(A) 

520 

643,600 

476,300 

7.4 

602, 300 

32.0 



7 R 4 ( P ) 

700 

651 ,900 

451,000 

2.9 

441, 100 

25,7 


3 

rC/CTV/M 367(H) 

400 

454, 30 0 

532,400 

2.2 

559,500 

36.4 

46 

. 

460 

519,700 

512,600 

2.2 

572,900 

34.6 

46 


520 

565,100 

496,500 

2.3 

567,200 

32.6 

4 R 

579(A) 

590 

661 ,400 

461 , 600 

2.3 

535,500 

30,5 


7C/CTV/ ARS2/H 







32 

144(B) 

400 

515,500 

503,800 

7.2 

644 ,600 

36.0 

54 


440 

561 ,000 

486, 500 

2.7 

655 , 000 

35,0 

54 


480 

607,900 

473, 100 

2.3 

654,900 

34.2 

54 

514(A) 

520 

652,600 

460,600 

7.3 

645,000 

33.4 
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EFFECT OF FUEL CELL 
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HOSPITAL CPRiiV, OWNED), WASHINGTON , DC 
CON, ED, ELECTRIC RATES 
1900/KW FUEL CELL COST IN 1985 





FUEL 

INCREM, 

1995 






LOAD 

CELL 

INST'D 

UTILITY 




RUN 

SYSTEM 

PROFILE 

CAPAC, 

COST 

COST 

SPB 

NPV 

IRR 



CKW) 

( KW ) 

(4) 

U) 

( YRS) 

(8) 

(PCT) 

2 

CTV 


** 

- 

741,500 

* 

m 

- 

2 

FC/CTV 

397(B) 

400 

436,000 

544,400 

2,2 

495,900 

35.2 



579(A) 

590 

643,100 

490,400 

2.6 

493,100 

30.1 



855 (P) 

940 1 

1,024,600 

494,800 

4,2 

-104,700 

11.7 

4 

FC/ABS1 

393(B) 

400 

517,400 

621,000 

4.3 

-76,600 

10.2 



553(A) 

520 

64B,200 

560,500 

3,6 

83,600 

18,2 



796(P) 

700 

844,400 

503,400 

3.5 

137,200 

19,0 

5 

FC/ABS2 

396(8) 

400 

553,600 

565,300 

3.1 

247,300 

24,0 



544(A) 

520 

684,400 

514,700 

3,0 

334,500 

24.7 



775CP) 

700 

880,600 

469,500 

3,2 

il 3,600 

22.6 

31 

FC/CTV/ABS2 









344(B) 

400 

506,500 

510,000 

2.2 

609,600 

35.5 



514(A) 

520 

643,600 

476,300 

7.4 

602,300 

32,0 



784CP) 

700 

851,900 

451,000 

2.9 

444,100 

25,7 


3 

FC/CTV/H 387(B) 

400 

454,300 

532,400 

2.2 

559,500 

3b, 4 

48 

. 

460 

519,700 

512,800 

2.2 

572,900 

34. b 

48 


520 

585,100 

496,500 

2.3 

567,200 

32.8 

4fl 

579(A) 

FC/CTV/ABS2/H 

590 

661 ,400 

481,800 

2.3 

535,500 

30,5 

32 

344(B) 

400 

515,500 

503,800 

2.2 

644,800 

36,0 

54 


440 

561,000 

488,500 

2.2 

b55 , 000 

35.0 

54 


480 

607,900 

473,300 

2.3 

654,900 

34.2 

54 

514(A) 

520 

652,600 

460,600 

2.3 

645,000 

33,4 
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EFFECT OF SYSTEM TYPE 
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waghington, 

DC> 

CON. ED, 

ELECTRIC 

RATES 





8980/KW FUEL 

CELL COST IN 1985 






FUEL 

HOT 

INCREH. 

1985 




BUILDING 

CELL 

STOR, 

INST * D 

UTILITY 




RUN 

SYSTEM 

CAPAC. 

CAPAC 

, COST 

COST 

SPB 

NPV 

JRR 



(KW) 

(E6 BTU) (I) 

(5) 

( YRS ) 

(«) 

(PCT) 

HOSPITAL ( PR I V « OWNED) 







2 

CTV 

m 

m 

M 

741,500 

m 

Mi 

M* 

2 

fc/ctv 

400(B) 

0 

436,000 

544,400 

2.2 

495,900 

35.2 

3 

FC/CTV/H 

400(B) 

6.5 

454,300 

532,400 

2.2 

559, 50u 

36.4 

33 

FC/CTV/H/C 

400(B) 

6.5 

554,400 

519,000 

2,5 

593,700 

33,6 

31 

FC/CTV/AB82 

400(B) 

0 

506,500 

510,100 

2.2 

609,600 

35.5 

32 

FC/CTV/AB82/H 

400(B) 

3.2 

515,500 

503,800 

2.2 

644,600 

36,0 

52 

FC/CTV/ABS1 

400(B) 

0 

485,300 

540,000 

2.4 

439,200 

31,6 

62 

FC/CTV/ABS1/H 

400(B) 

2.0 

490,900 

536,800 

2.4 

455,600 

32, u 

5 

FC/ABS2 

520(A) 

0 

684,400 

514,700 

3.0 

334,500 

24,7 

35 

FC/ABS2/H 

520(A) 

6«4 

702,400 

500,800 

2.9 

410,600 

26,2 

4 

FC/ABS1 

700(P) 

0 

844,400 

503,400 

3.5 

137,200 

19,0 

APARTMENT 








19 

CTV 

m 

= 

a 

192,800 

F* 

- 

m 

19 

FC/CTV 

135(A) 

0 

147,200 

138,600 

2.7 

101,300 

28.6 

49 

FC/CTV/H 

135(A) 

1.4 

151,150 

135,900 

2.7 

114,920 

29,5 

21 

FC/ABS1 

2 3 5 ( P ) 

0 

261,500 

135,300 

4,9 

•80 , 500 

3.9 

36 

FC/ABS1/H 

235 ( P) 

4.2 

293,300 

125,800 

4.4 

-25,400 

12,6 


RETAIL STORE 


27 

CTV 

m 

- 

m 

253,600 

m 

m 

27 

FC/CTV 

65(B) 

0 

70,850 

228,100 

2.R 39,570 

26,9 

28 

FC/CTV/H 

65(B) 

2.0 

76,500 

222,300 

2.4 73,900 

32.7 

29 

FC/ABS1 

300(P) 

0 

381,200 

201,600 

7.3 -277,100 

0 

36 

FC/ABS1/H 

300 ( P) 

3.8 

391,900 

192,100 

6,3 -225,200 

0 


OFFICE BLDG 


23 

CTV 

- 

tm 

•• 

193,200 

• 

m 

23 

FC/CTV 

85(B) 

0 

92.650 

169,200 

3,9 

• 6 , 40u 

24 

FC/CTV/H 

85(B) 

1.0 

95,500 

168,900 

3.9 

-6,260 

25 

FC/ABSi 

165(A) 

0 

195,900 

151,100 

4.6 

-57,640 

37 

FC/ABS1/H 

165(A) 

0.2 

199,400 

150,600 

4.7 

-56,420 


FC b FUEL CELL 

CTV ■ *CENTRAVAC» ELECTRIC CHILLER 
ABS1 n SINGLE STAGE ABSORPTION 
ABS2 a TWO STAGE ABSORPTION 
H m HOT SIDE THERMAL STORAGE 
C ■ COLD SIDE THERMAL STORAGE 

SPB * simple payback period 
NPV » NET PRESENT VALUE (15%) 

IRR * INTERNAL RATE OF RETURN (AFTER TAX) 


CO o o 
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TABLE FA 

effect OF LOCATION 


HOSPITAL (PRIVi OWNED), 400 KW FUEL CELL 
I9C0/KW FUEL CELL COST IN 1985 


RUN 

LOC. 

FLEC, 

UTILITY 

systfm 

INCR, 
INST 1 D. 
COST 
(A) 

1985 

UTILITY 

COST 

(8) 

SPB 

(YRS) 

NPV 

(8) 

IRR 

(PCT) 

IS 

NY 

CON. 

F.D, 

CTV 

FC/CTV/H 

m 

454,330 

741,000 

524,200 

2,1 

607,800 

* 

37,6 

17 

ATL 

CEO. 

PWR. 

CTV 

FC/CTV/H 

454,330 

682,700 

478,600 

m 

2.2 

M 

521,000 

35,3 

14 

B()S 

BOS. 

ED. 

CTV 

FC/CTV/H 

«■ 

454,330 

675,100 

475,600 

m 

2.3 

516,400 

34.fi 

18 

NEWK 

N,U. 

P.S. 

CTV 

FC/CTV/H 

454,330 

632,100 

465,800 

f* 

2.7 

329,600 

26 , b 

16 

CHIC 

COM, 

ED. 

CTV 

FC/CTV/H 

454,330 

561,000 

461,200 

** 

4.6 

** 

-31,870 

m 

13.1 

16 

L.A. 

SO. CAL. ED. 

CTV 

FC/CTV/H 

454,330 

513,500 

422,100 

m 

5.0 

m 

-119,9f>0 

M 

4.9 
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TABLE F5 

effect or rate structure only 

ALL CASES FOR WASHINGTON, DC CLIMATE 

HOSPITAL (PRIV. OWNED), *00 KW FUEL CELL CAPACITY 

1980/KW FUEL CELL COST IN 1985 


RUN 

ELEC, 

UTILITY 

SYSTEM 

INCR , 
INST* D, 
COST 

u> 

1985 

UTILITY 

COST 

(3) 

SPB 

(YRS) 

NPV 

(!) 

IRR 

(PCX) 

3 

CON, ED, 

CTV 

FC/CTV/H 

tf 

454,330 

741,500 

532,400 

• 

2,2 

m 

559,500 

m 

36.4 

11 

GEO, PWR. 

CTV 

FC/CTV/H 

m 

454,330 

701,000 

482,500 

m 

2.1 

m 

611,500 

m 

37,8 

8 

BOS, ED, 

CTV 

FC/CTV/H 

•* 

454,330 

677,500 

491,600 

2 a 4 

m 

430,700 

•• 

32.3 

12 

N.J.P.S, 

civ 

FC/CTV/H 

m 

454,330 

632.600 

474.600 

m 

2,9 

276,200 

27.1 

9 

SO, CAL* ED, 

CTV 

FC/CTV/H 

454,330 

580,600 

453,300 

3,6 

108,700 

20,4 

10 

COM, ED, 

CTV 

FC/CTV/H 

•V 

494,330 

528.700 

444.700 

«a 

5,4 

m 

-130,000 

5,3 
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OF POOR QUALITY 

TABLE F6 

efffct of taxes 

HOSPITAL* WASHINGTON * OC 
CON, ED, ELECTRIC RATES 
400 KW FUEL CELL CAPACITY 
C980/KW FUEL CELL COST IN 1985 






INCR, 

1985 






TAX 

INST'D, 

UTILITY 


NPV IRP 

($) (PCT) 

RUN 

SYSTEM 

ownership 

RATE 
( PCT ) 

COST 
(« ) 

COST 

(81 

8PR 
( YRS) 

1 

CTV 

FCVCTV 

tax-exempt 

tax-exempt 

0 

0 

436*000 

741,500 

544,400 

2.2 

m m 

1,076,000 47,7 

2 

CTV 

FC/CTV 

PRIVATE 

PRIVATE 

4 fi 
48 

436*000 

741*500 

544,400 

•» 

2.2 

m «P» 

495, NuO 35.2 


EFFECT OF ENERGY PRICE ESCALATION RATE 


HOSPITAL (PRXV ( OWNEO) , WASHINGTON , DC 
CON. ED. ELECTRIC RATES 
1980/KW FUEL CELL COST IN 19E5 
F C/CTV/H SYSTEM. 400 KW FUEL CELL 


ENERGY PRICE ESCALATION 


RUN 


1985-90 

AFTER 1990 

SPR 

NPV 

IRR 


(PCT) 

(PCT) 

(YRS) 

(«) 

(PCT) 

3 

NAT. GAS 

12 

9 



36,4 


ELECTRIC 

9 

7 

2.2 

559,500 

3 A 

NAT, GAS 

12 

9 


669,500 

38,6 

ELECTRIC 

12 

9 

2,2 
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